DNA damage and repair measured in different genomic regions using the comet assay with fluorescent in situ hybridization.
The comet assay is a sensitive method for measuring DNA strand breaks in eukaryotic cells. After embedding in agarose, cells are lysed and electrophoresed at high pH. DNA loops containing breaks (in which supercoiling is relaxed) escape from the nucleoid comet head to form a tail. Oligonucleotide probes were designed for 5' and 3' regions of the genes for dihydrofolate reductase (DHFR) and O6-methylguanine DNA methyltransferase (MGMT), both from the Chinese hamster, and the human tumour suppressor p53 gene. Alternate ends were labelled with either biotin or fluorescein. These probes were hybridized to the DNA of comets from Chinese hamster ovary (CHO) cells or human lymphocytes treated with H2O2 or photosensitizer plus light to induce oxidative damage. Amplification with Texas red- and fluorescein-tagged antibodies led, in the case of p53 in human cells, to red and green signals located in the comet tail (as well as in the head), indicating the presence of breaks in the vicinity of the gene. However, only one end of the MGMT gene appeared in the tail and almost no signals from the DHFR gene, either red or green, were in the tail of comets from CHO cells. Restriction on movement from the head to tail may result from the presence of a 'matrix-associated region' in the gene. The kinetics of repair of oxidative damage were followed; strand breaks in the p53 gene were repaired more rapidly than total DNA. Thus, fluorescent in situ hybridization in combination with the comet assay provides a powerful method for studying repair of specific genes in relation to chromatin structure.